Most studies of gamma band synchrony in schizophrenia conclude that it is reduced, relative to what is observed in healthy people, during stimulus processing. However, these findings may, in part, be an artifact of greater absolute levels of synchrony in schizophrenia even at baseline. We examined absolute level of gamma band synchrony before and during emotionally neutral face processing in 28 patients with schizophrenia after their first episode of psychosis (FES) (20 male) and 71 controls (53 male) across a range of frequency bins, brain regions and time-bands. We also examined how absolute synchrony prior to stimulus onset related to synchrony change during stimulus processing, and how it related to symptoms. The FES group showed greater absolute gamma synchrony across all time-points in frontal and temporal regions. Baseline absolute synchrony predicted post-stimulus change in these regions in a pattern consistent with previous reports. However, synchrony change was not related to symptoms. These results support the recommendation that studies in this field should examine baseline absolute synchrony when attempting to characterize task-related gamma synchrony in schizophrenia.
Introduction
Behavioral, event-related potential (ERP) and functional magnetic resonance imaging (fMRI) studies of people with schizophrenia demonstrate impairments in face processing (Chen, Norton, McBain, Ongur, & Heckers, 2008; Dong, Liu, & Zou, 2006; Fakra, SalgadoPineda, Delaveau, Hariri, & Blin, 2008; Herrmann, Reif, Jabs, Jacob, & Fallgatter, 2006; Obayashi et al., 2009; Yoon, D'Esposito, & Carter, 2006) . These impairments, which may be causal factors in the social cognitive and interpersonal difficulties in schizophrenia (Anilkumar et al., 2008; Green et al., 2008; Turetsky et al., 2007) , may reflect more basic processing impairments (Chen, Norton, McBain et al., 2008) . One candidate mechanism is impaired synchrony of neural firing oscillations within the gamma band. Disruptions in gamma band activity in schizophrenia have gained considerable attention in the schizophrenia literature (e.g., Clementz, Blumenfeld, & Cobb, 1997; Haig et al., 2000; Kwon et al., 1999; Lee, Williams, Haig, Goldberg, & Gordon, 2001; Uhlhaas, Haenschel, Nikolic, & Singer, 2008; Uhlhaas & Singer, 2010) . Gamma synchrony is thought to represent an index of coordinated brain activity within and/or across brain regions (Singer & Gray, 1995) and is thought to be the mechanism involved in the formation of coherent mental representations in diverse domains such as Gestalt perception, working memory, and language (Phillips & Silverstein, 2003; Phillips & Singer, 1997) . In the domain of Gestalt perception, there is consistent evidence that gamma synchrony between occipito-temporal and parietal regions increases when ambiguous spatial stimuli can be perceived as faces (Rodriguez et al., 1999) , which is consistent with the theory that gamma synchrony is related to perceptual binding wherein spatially separated stimuli are bound into a coherent and perceivable whole (Lee, Williams, Breakspear, & Gordon, 2003) .
Gamma synchrony may be examined independently of task and stimuli ("absolute" synchrony) or in response to task stimuli ("relative" synchrony, which assesses stimulus-elicited changes in synchrony compared with a pre-stimulus baseline). Most studies of gamma synchrony deficits in schizophrenia only report changes in gamma band activity in response to a stimulus, or "relative" synchrony (e.g., Clementz et al, 1997; Haig et al, 2000; Kwon et al, 1999; Lee et al, 2003; Uhlhaas, et al, 2008) . Therefore, the current conclusions regarding gamma synchrony abnormalities in schizophrenia have centered on the idea that people with the syndrome show less relative gamma synchrony when processing complex stimuli or performing cognitive tasks. However, it is possible that these findings of reduced change in synchrony are, in part, a reflection of greater "absolute" gamma phase synchrony in schizophrenia even under pre-stimulus conditions. If absolute levels are abnormally high at baseline (i.e., between stimulus presentations) then this restricts the range of possible increases in response to stimuli.
The hypothesis that increased absolute levels of gamma synchrony might be a characteristic of schizophrenia comes from its demonstration in patients with somatic hallucinations (Baldeweg, Spence, Hirsch, & Gruzelier, 1998) , diverse neurologic and mood disorders (Llinas, Ribary, Jeanmonod, Kronbert, & Mitra, 1999) and schizophrenia patients with positive symptoms . Our group previously reported increased gamma synchrony in a sample of patients with first episode psychosis (FEP) who showed greater synchrony before and after stimulus presentation in an auditory oddball paradigm (Flynn et al., 2008) and in a visual emotion recognition task (Williams et al., 2009 ) but reduced synchrony change. These two studies of FEP patients converge to suggest that increased absolute synchrony may be a feature of illness onset. However, these results are preliminary in that they are derived from limited frequency ranges and time points. In addition, the generalizability of the findings from the emotion recognition study to processing of emotionally-neutral stimuli, which cause fewer arousal-related confounds, is unknown. Therefore, in the current study we examined the absolute gamma synchrony level across a wide range of frequency bins and various brain regions, using a visual perception task (face processing) that is not confounded by emotional information, and we examined pre and post-stimulus synchrony. We hypothesized that absolute gamma synchrony would be greater in first episode schizophrenia (FES) patients than controls both before and after viewing neutral faces, and that higher levels of gamma synchrony would be inversely correlated with level of change in synchrony from pre-to post-stimulus.
Methods

Participants
Thirty FES patients and 75 healthy comparison subjects were recruited for the study. Due to failure to complete testing, the final group comprised 28 patients and 71 age and sex matched healthy controls. The lack of demographic differences between groups was confirmed statistically for all variables except education, which is a common difference in such studies as it is related to the age of illness onset in patients and is thus not an appropriate covariate (see Table 1 ). Note that the control subjects were taken from a database of approximately 5000 healthy people, and the sample size of 75 was used both in order to have a representative group of controls, but also one that could be matched, at the group level, to the FES group on as many variables as possible. Controls and FES patients were tested at the The Brain Dynamics Centre at Westmead Hospital, which is part of the University of Sydney Medical School, Australia. The present data are made available via the Brain Resource International Database administered by the BRAINnet Foundation for research purposes (www.brainnet.net) (Gordon, 2003; Gordon, Barnett, Cooper & Tran, 2008; Gordon, Cooper, Rennie, Hermens, & Williams, 2005) . Inclusion criteria for both groups were age 14 to 25 years, normal (or corrected to normal) hearing and vision, and estimated premorbid IQ within the normal range, which was verified using the Spot The Word test (FES mean 95.3, SD = 8.1; Control mean 103.5, SD = 6.0), a subtest of the IntegNeuro computerized cognitive battery (Paul et al., 2005) that has been shown to correlate positively and significantly with Wechsler Adult Intelligence Test -3 rd Edition (WAIS-III) IQ scores (Paul et al., 2005) . Exclusion criteria for both groups included physical brain injury, neurological disorder, other serious medical or genetic condition, previous alcohol or substance dependence, alcohol use in the last 48 hours, or substance use within the last 7 days. All subjects (and guardians for participants < 18 years) provided written informed assent/consent to participate in the research. FES status was defined by first contact with a mental health service with psychotic symptoms, and FES patients were recruited within eight months of this first presentation. The diagnosis of schizophrenia was made using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID; First, Spitzer, Gibbon, & Williams, 1994) and confirmed with clinical consensus by two independent psychiatrists. Twenty-four of the 30 FES patients were on a maintenance dose of atypical antipsychotic medication (10 risperidone, 7 olanzapine, 3 quetiapine, 3 amisulpride, 1 clozapine). Medication was quantified in terms of chlorpromazine equivalent units (Woods, 2003 ) (see Table 1 ). Control subjects were screened for exclusion criteria using the BRID Web Questionnaire (WebQ), which covers Axis 1 disorder symptoms, family history of psychiatric or neurological disorder, serious brain injury, neurological or other serious medical or genetic disorders, drug dependency, and impairments in hearing or vision. Within the WebQ, Axis 1 criteria are assessed using the Somatic and Psychological Health Report (Hickie et al., 1998) and items from the Patient Health Questionnaire (Spitzer, Kroenke, & Williams, 1999) .
Procedure
Stimulus presentation and data acquisition were performed using the standardized testing platform Labneuro, which is used for all data contributed to the BRID, and which is continuously pooled with Labneuro data collected from other sites.
Symptom ratings were collected using the Positive and Negative Syndrome Scale (PANSS, Kay, Fiszbein, & Opler, 1987) and were reviewed for inter-rater reliability by A.W.F.H. and S.M.S. with a reliability (Kappa) estimate of 0.81.
Neutral Face Stimuli
The presentation of emotionally neutral faces was part of a larger facial emotion perception task, which followed our previous design (Williams et al., 2007; Williams, Palmer, Liddell, Song, & Gordon, 2006) . Standardized face stimuli displaying neutral and evoked expressions of fear and happiness (Gur et al., 2002) were equated for size, luminance, and central location of the eyes in the horizontal plane. Stimulus onset was synchronized with screen refresh cycles, with 100 Hz resolution. For the session as a whole, there were a total of 96 stimuli, with eight different individuals depicting each of the three expressions, presented in a pseudorandom sequence. Here, we report data on the 32 emotionally neutral stimuli. These stimuli were extracted in order to further examine the dynamics of gamma synchrony independent of emotional processing. Stimuli were presented for 500 ms, with an inter-stimulus interval of 700 ms, for a total of 1200 ms per trial.
Attention to the task was encouraged by instructions for participants to attend to the faces in preparation for post-testing assessments of face identification and emotion recognition after each testing condition.
We did not employ a behavioral response after each stimulus presentation as we have previously shown that robust neural activity is still elicited in the absence of an explicit 'online' response to facial expression stimuli (Williams et al., 2009 ). Indeed, we have found that explicit identification of expressions during brain function recording may in fact inhibit neural activation (Lange et al., 2003) .
EEG Recording
During the face perception task, EEG data were acquired using a 26 channel Quickcap (Fp1, Fp2, F7, F3, Fz, F4, F8, FC3, FCz, FC4, T3, C3, Cz, C4, T4, CP3, CPz, CP4, T5, P3, Pz, P4, T6, O1, Oz, and O2), with four electro-oculogram channels, and obicularis oculus and masseter recording, using a NuAmps DC system, according to the 10-20 international system. A sampling rate of 500 Hz, lowpass filter of 100 Hz, and skin resistance < 5 kOhms were employed. The site AFz served as the ground, and data were referenced to averaged mastoids. Horizontal eye movements were recorded with electrodes placed 1.5 cm lateral to the outer canthus of each eye, and vertical eye movements with electrodes placed 3 mm above the middle of the left eyebrow and 1.5 cm below the middle of the left bottom eye-lid. We corrected data on ocular artifact offline using the algorithm of Gratton, Coles, and Donchin (1983) . We confirmed the removal of eye blink and eye movement artifact by visual inspection of the data. A 50 Hz notch filter was applied during data acquisition to reduce electrical interference on data collected in Australia. Given the narrow bandwidth of the notch filter at 50 Hz, this should not have affected data from the frequency bins of interest to this study. Phase synchrony of gamma activity was extracted from EEG recordings within the 29-45 Hz gamma range, using a previously established protocol (Haig et al., 2000) . Fast Fourier transformation was applied at each time sample using a Welch window, with a 256 ms, 128-sample window length, producing frequency bins centered at 31. For each condition, phase synchronization of gamma activity was quantified for each face stimulus across six regions of interest (Figure 1 ), based on previous findings (Lange et al., 2003) : left frontal (LFr = Fp1, F3, FC3, F7), right frontal (RFr = Fp2, F4, FC4, F8), left central-temporal (LCT = C3, T3, T5), right central-temporal (RCT = C4, T4, T6), left parieto-occipital (LPaO = P3, O1) and right parieto-occipital (RPaO = P4, O2). We also computed long-range synchrony, relevant to schizophrenia and face perception, for the left and right temporo-frontal regions (LTFr = Fp1, F3, FC3, F7, C3, T3, T5 and RTFr = Fp2, F4, FC4, F8, C4, T4, T6, respectively). We computed circular variance from the phase estimates of the electrode sites making up each region. This measure is a normalized index ranging from 0 to 1 that is independent of the amplitude of response (Haig et al., 2000) . Like a correlation coefficient, it therefore has no associated units of measurement. Circular variance provides a measure of phaselocking across multiple sites. For ease of interpretation, we calculated phase synchrony as 1 minus circular variance, such that a value of 1 represented maximum synchrony.
Gamma Synchrony Data Reduction
This procedure produced a time series of gamma phase synchronization for each stimulus, each frequency bin and each region, representing the degree of phase locking across time. Following smoothing with a 15-point running average, the set of time series' was averaged across stimuli for each subject. Synchrony was then quantified for six specific time windows. The pre-stimulus, or baseline, window was −300ms to 0ms before stimulus onset, and the five post-stimulus windows were at 0-150 ms, 150-250 ms, 250-350 ms, 350-500 ms, and 500-800 ms.
Quantification of gamma synchrony within each frequency bin was undertaken using two different methods:
1. 'Absolute' gamma synchrony -absolute value within each of the six time windows without reference to (for the 5 windows after stimulus onset) the pre-stimulus baseline. 2. 'Relative' gamma synchrony -'standardized' units, reflecting the change in mean synchrony for each post-stimulus time window relative to (i.e., minus) the pre-stimulus mean, divided by the standard deviation of the pre-stimulus mean, consistent with previously published procedures (Rodriguez et al., 1999) .
We have previously provided convergent evidence from event-related potential (ERP) data that absolute synchrony is a good candidate index of the early physiological processes involved in face processing, and their alteration in psychosis. ERPs elicited over the first 200ms or stimulus processing are enhanced in first episode patients, consistent with a focus on elevated absolute gamma synchrony as a candidate marker for face processing disruptions in this same period (Williams et al., 2009 ).
Methodological Issues in Gamma Synchrony
To provide a broader context for interpretation of synchrony data, we considered several methodological issues, including volume conduction. Volume conduction is unlikely to confound the current method of quantifying synchrony as the distribution of gamma synchrony has been found to differ from that of gamma power over cortical regions, in contrast to what would be expected from volume conduction, which posits that a single deep generating source would result in a similar topography such that regions of high cortical activity produce high synchrony. Furthermore, volume conduction has been found to fall off sharply at distances beyond 2 cm, which are particularly relevant to the long-range synchrony measured in our study (Nunez et al., 1997; Rodriguez et al., 1999) as many of the synchrony calculations in this study involved distances greater than 2 cm (e.g.: FP2 to T6 is approximately 11 cm or more).
Statistical Analysis
For 'absolute' Gammy synchrony, we used a 2 × 8 × 4 × 6 mixed model Analysis of Variance (ANOVA) with Group (FEP vs. Control) as the between subjects factor and Region (LFr, RFr, LCT, RCT, LPaO, RPaO, LTFr, RTFr), [33] [34] [35] [36] [37] [37] [38] [39] [40] [41] [41] [42] [43] [44] [45] , and Time (−300-0 ms, 0-150 ms, 150-250 ms, 250-350 ms, 350-500 ms, 500-800 ms) as within-subject factors. For all ANOVAs, GreenhouseGeisser corrections were applied in all cases in which the covariance matrix did not meet the sphericity assumption. Modified Bonferroni procedures were used to control for multiple comparisons.
Our primary goal with the 4-way ANOVA was to determine if group interacted with region and frequency. If these interactions were significant, then two-way ANOVAs were used to examine the interaction of Group and Time for each of the eight regions of interest, and/or for each of the four gamma bins. Pairwise contrasts were used to follow up significant effects in these ANOVA results.
An additional analysis using ANOVA was performed to further explore group differences in absolute gamma synchrony at baseline across different brain regions. Furthermore, a series of 2 × 2 ANOVAs was performed to examine the time-course of pre-post effects between groups for each region.
Pearson correlation analyses were used to examine the association between baseline absolute synchrony and post-stimulus relative gamma synchrony to address the hypothesis that the magnitude of the gamma response in the FES group may be restricted by high baseline synchrony. We also used Pearson correlation analyses to assess relationships between absolute gamma synchrony and schizophrenia symptoms.
Results
'Absolute' Gamma Synchrony
As shown in Figure 2 , the 4-way ANOVA showed a significant main effect of Group, F(1, 97) = 4.72, p = .032, where FES patients showed greater gamma synchrony than controls. However, there were significant interactions involving Group that must be considered and that are discussed in greater detail below. There was also a significant main effect of Time, F(5, 485) = 2.94, p < .05. The Group by Time interaction was not significant, F(5, 485) = 1.36, p = .250, suggesting that the greater absolute gamma synchrony in patients was apparent at baseline and remained greater when viewing neutral faces. There was also a significant main effect of Region, F(7, 679) = 184.43, p < .001, as well as significant Region by Group, F(7, 679) The significant 2-way interaction involving Region was due to large differences in synchrony between FES patients and controls in the bilateral temporal (LCT and RCT) and left fronto-temporal regions (LTFr) only, and the trend level 3-way interaction suggested that these differences were most evident in the earliest frequency range of the gamma band (29-33 Hz). Given the significant interaction between Region and Group, follow-up analyses using two-way ANOVAs were performed to examine the effects of Group and Time for each of the 8 brain regions. The results of these 8 ANOVAs are displayed in Table 2 . The main effect of Group was significant in the LCT, RCT, and LTFr regions only. The main effect of Time was significant in all regions except the LCT and RCT regions where it was at a trend level. There was a significant Group by Time interaction in the RTFr region, but no interactions in any other region approached significance.
'Absolute' Baseline Gamma Synchrony
To further explore group differences in baseline absolute gamma synchrony, before facial stimuli were presented, we conducted a 2 × 8 mixed model ANOVA with Group as the between-subjects variable, Region as the repeated measures variable and absolute gamma synchrony during only the pre-stimulus baseline period as the dependent variable. The main effects of Group, F(1, 97) = 4.82, p < .05 and Region, F(7, 679) = 177.14, p < .001 and the Group by Region interaction, F(7, 679) = 2.68, p < .05 were all significant. Post-hoc testing to explore this interaction revealed that absolute synchrony was only different between the groups in the same three regions revealed in the larger 4-way ANOVA that also included post-stimulus synchrony: LCT (t = −3.97, p < .01), RCT (t = −3.37, p < .01) and LTFr (t = −2.56, p < .05). 
Time-course of Gamma Synchrony Change in Response to Facial Stimuli
Given the significant effect of Time in the 4-way analysis, we sought to better understand the timecourse of changes in absolute synchrony after viewing the neutral faces. Therefore, a series of 2 × 2 mixed model ANOVAs were performed comparing absolute synchrony at the pre-stimulus baseline to each of the five post-stimulus time bands with Group (FEP and control) as the between-subjects variable, Time (e.g. −300-0 ms vs. 0-150 ms, −300-0 ms vs. 150-250 ms, etc.) as the repeated measures variable and absolute synchrony as the dependent variable. This set of 5 ANOVAs was conducted for each of the 8 brain regions of interest, totaling 40 individual contrasts. The results of these comparisons are listed in Table 3 . As expected from previous analyses, significant main effects of Group were only revealed in the three previously identified temporal and fronto-temporal regions (LCT, RCT and LTFr). Main effects of Time between baseline and the earlier time bands were noted bilaterally in the parietal/occipital (LPaO and RPaO) and fronto-temporal regions (LTFr and RTFr) and the left frontal region (LFr), and effects between baseline and later time bands were noted in the temporal region (LCT and RCT). However, only the effect in the RPaO during the first time-band remained significant after controlling for multiple comparisons.
'Relative' Gamma Synchrony in Relation to 'Absolute' Synchrony To test the hypothesis that greater baseline synchrony would predict smaller post-stimulus synchrony increases, we calculated the Pearson correlation coefficients between absolute gamma synchrony at baseline and relative gamma at each of the post-stimulus time-bands for the three significant regions of interest (LCT, RCT, and LTFr) within each frequency bin, for the entire sample. In the lowest gamma frequency range (29-33 Hz) (see Table 4 ), greater absolute synchrony at baseline was significantly correlated with lower relative synchrony in the first 350 ms post-stimulus in the RCT (rs ranged from −.046 to −.320) and LTFr (rs ranged from −.119 to −.351) regions. In the higher frequency gamma ranges, however, these relationships were seen in the later time bands When the same analyses were conducted separately for each of the two groups, correlations were, for the most part, higher in the control group (see Table 5 ). While this finding may seem counterintuitive, analyses of scatterplots of bivariate relationships revealed that it reflects range restriction in the patient data. That is, patients' baseline synchrony scores were compressed within the higher range of values, and their relative synchrony scores were compressed within the lower range, thereby limiting the ability to detect a linear relationship. Scores for control subjects, however, typically spanned a greater range than those for patients, facilitating detection of linear relationships. Therefore, while patients had higher absolute, and lower relative, synchrony scores compared to controls, the overall restricted range of scores on both variables precluded detection of strong linear relationships in this group alone. The Relation of 'Absolute' and 'Relative' Gamma Synchrony to Positive and Negative Symptoms
To explore relationships between absolute and relative gamma synchrony and symptoms of schizophrenia, a series of Pearson correlations were calculated comparing: a) absolute synchrony during the pre-stimulus baseline, and b) relative synchrony during the 5 post-stimulus intervals for the four frequency bins and the three brain regions where activity was significantly different from controls (LCT, RCT, and LTFr) with severity of positive, negative, general, and total symptoms from the PANSS. Only 12 of the 288 correlations were significant, which is fewer than 5%, or not greater than chance. Moreover, these 12 significant correlations were spread across negative, general and total symptoms, suggesting few reliable relationships between gamma synchrony and symptom severity.
Discussion Greater Absolute Synchrony in FEP Patients in Temporal and Fronto-temporal Regions
This study demonstrates that patients experiencing their first episode of schizophrenia show greater absolute gamma synchrony than controls both before and after viewing facial stimuli. This is consistent with previous reports from our group showing increased absolute synchrony in other stimulus conditions (Flynn et al., 2008; Williams et al., 2009 ). Greater absolute synchrony was limited to the bilateral temporal and left fronto-temporal brain regions, and was most prominent in the lowest frequency bin of the gamma frequency range (29-33 Hz). When brain regions were analyzed separately, regions with greater absolute baseline synchrony generally did not show significant synchrony changes after presentation of facial stimuli in patients. However, in all other brain regions in which the FES group did not have significantly higher absolute baseline synchrony, synchrony did increase significantly after viewing facial stimuli in both groups. When baseline absolute synchrony was analyzed alone, without the influence of post-stimulus responses, group by region interactions remained, and group differences were apparent in the same three regions (bilateral temporal and left fronto-temporal).
These results are interesting because they provide further evidence of excessive levels of absolute gamma synchrony in FES patients. As in previous studies from our group, greater absolute synchrony was localized to temporal and front-temporal regions, which are frequently implicated as sites of schizophrenia pathology, particularly with respect to neuronal network coordination (Peled, 1999) and grey matter loss in FES (Farrow, Whitford, Williams, Gomes, & Harris, 2005; Williams, 2008) . Furthermore, these results support the hypothesis that reduced change in synchrony in response to a stimulus is related to baseline over-activation, thus limiting the amount of increase that is possible following a stimulus. It is possible that previous studies reporting deficits in post-stimulus gamma synchrony in schizophrenia may have been affected by greater absolute synchrony in patients. Therefore, future studies in this field should also examine baseline absolute synchrony before concluding that differences in schizophrenia reflect only smaller stimulus-related changes.
Time Course of Gamma Synchrony Change across Brain Regions
To better understand the time course of gamma synchrony in the processing of neutral face stimuli, we performed analyses comparing baseline absolute synchrony to relative synchrony at each of the five post-stimulus time-points across regions. Group differences were revealed on the three previously identified temporal and fronto-temporal regions (LCT, RCT and LRFr). While few effects of time were statistically significant after controlling for multiple comparisons, the results of these analyses indicated that for both groups neutral face stimuli produced increases in gamma synchrony at earlier time-bands in bilateral parieto-occipital, bilateral fronto-temporal and left frontal regions, but in later time-bands, stimuli produced increased gamma in temporal regions. This time-course is generally consistent with the current understanding of face processing in the ventral visual pathway wherein earlier processing of the more basic elements of visual stimuli occurs in occipital regions and higher-order processing of face stimuli occurs later in temporal regions (Kanwisher, 2004) .
Relation of Absolute Synchrony with Amount of Post-stimulus Change
We further sought to examine whether or not greater absolute synchrony at baseline would predict the amount of post-stimulus change by exploring correlations between baseline absolute synchrony and post-stimulus relative synchrony. To control for Type I error, we limited these comparisons to regions with significantly higher baseline synchrony in the FEP group. Despite this attempt to control Type I error, these analyses did involve a large number of correlations; therefore, the following conclusions are preliminary at best. Based on the data, it appeared that with low-frequency gamma (29-33 Hz) oscillations, greater absolute synchrony predicted less change at earlier post-stimulus time-bands (0-350 ms), whereas in high-frequency gamma (37-41 and 41-45 Hz) these relationships were seen at later time bands (250-800 ms). This time course is similar to that reported by Rodriguez et al. (1999) , who detected two gamma responses: an early response (250 ms) in the 37 ± 3 Hz range, thought to coincide with face perception, and a later response (peak at 800 ms) in the 40 ± 5 Hz frequency range, which the authors concluded may have reflected post-perceptual processes. When analyzed separately by group, the pattern noted above was found for controls, but was observed to a lesser extent for the FES group (although, interestingly, the strongest overall correlation coefficient was found within the FES group). The FES findings appeared to reflect range restriction: despite having higher absolute baseline, and lower relative levels of synchrony, the ranges of scores on both sets of variables were much smaller than those of controls, thereby limiting the ability to detect linear relationships.
The Nature of Face Processing Abnormalities in Schizophrenia
As noted in the section above, our data suggest two impairments in face processing in schizophrenia: a disturbance in perceptual processes characterized by excessive noise in early-developing perceptual representations, and then a later impairment, reflecting efforts in high-order visual areas to compensate for poor quality perceptual representations emerging from early occipital regions. This hypothesis is consistent with several lines of recent evidence. For example, recent behavioral and ERP evidence indicates problems in perceptual organization of facial information in schizophrenia (Hermann, Ellgring, & Fallgatter, 2004; Shin et al., 2008; Turetsky et al., 2007) . In addition, a recent fMRI study found that, when processing degraded images of faces, controls demonstrated more activity than patients in early visual cortex regions that are responsive to configural stimulus properties, but patients demonstrated greater activity in the fusiform gyrus -an area of the temporal lobe involved in the processing of familiar objects such as faces . Moreover, in the condition with greatest requirements for processing global form (i.e., low spatial frequency) information, patients' increased fusiform gyrus activity was localized to the left hemisphere, whereas the right fusiform face area is normally involved in processing configural information about faces (Kanwisher, 2004; Maurer et al., 2007) . These data were interpreted as reflecting: 1) early problems in visual perceptual organization of facial features, perhaps due to over-binding of irrelevant features and/or excessive noise; 2) subsequent greater-than-normal processing activity in the fusiform gyrus, due to this region receiving poorly formed and/or excessively noisy representations from occipital regions; and 3) an excessive amount of serial (versus configural) processing of visual features even at the level of the fusiform gyrus. This hypothesis is consistent with data from Loffler, Yourganov, Wilkinson, & Wilson (2005) , who found that the fMRI BOLD signal among populations of fusiform face area neurons increased during face processing as synthetically constructed faces deviated geometrically from a prototypical (mean) face. We propose this is relevant to patients in the present study in that, due to noisier perceptual representations reaching the fusiform face area, this region is essentially processing deviations from the more prototypical face representations processed by other subjects. This view is supported by findings from Chen, Norton, McBain et al. (2008) and Butler et al. (2008) demonstrating that schizophrenia patients require longer stimulus durations (increased signal strength) to processes faces normally. Further evidence of increased processing during perception of faces comes from Hermann, et al. (2006) who found increased ERP amplitudes during emotionally neutral face processing in schizophrenia, and Leitman et al. (2008) who found increased network activity during face processing in schizophrenia, which was interpreted as exaggerated efforts at integrating perceptual aspects of the face.
Regarding post-perceptual processes, our data are consistent with recent findings showing greater frontal-parietal synchrony at low gamma-band frequencies during inefficient visual search in healthy volunteers (Phillips & Takeda, 2009) . This is relevant to schizophrenia because poor perceptual organization creates a requirement for increased serial processing and visual search (Silverstein et al., 1996; , and impaired visual search performance is characteristic of schizophrenia (Gold, Fuller, Robinson, Braun, & Luck, 2007) . The functional significance of this may be the abnormal facial scanning patterns seen among patients in past studies (Williams, Loughland, Gordon, & Davidson, 1999) .
Relationship with Symptoms
Previous studies suggest that greater absolute synchrony in schizophrenia may be related to overall symptom severity or specific symptoms subtypes (Baldeweg et al., 1998; Gordon et al., 2001 ). However, we found no reliable relationships between absolute synchrony at baseline and symptom severity as measured by four types of PANSS scores (positive, negative, general and total). The lack of detectable relationships may have been due to a restriction of range in symptom levels, which were quite low overall. Symptom scores in the current sample averaged in the minimal to mild range (average item scores: Positive = 2.32, Negative = 2.53, General = 2.15, Total = 2.27). Previous studies suggest that in samples with a greater range of symptom levels, correlations with cognitive and other measures are larger; with lower symptom levels, restriction of range limits the size of the correlation (Silverstein, Wallace, & Schenkel, 2005) .
Limitations
A significant confound ubiquitous to this type of research is that of volume conduction. Volume conduction refers to the non-specific propagation of electrical current through the extracellular fluid, as opposed an electrical current that is generated by action potentials moving along axonal projections in a 'targeted' way. Volume conduction is potentially problematic in EEG studies of phase synchrony as it is possible that synchronous oscillations recorded from two discrete electrode sites may not be due to distinct populations of neurons oscillating in synchrony (as assumed in the 'binding' theories of synchrony), but may rather be due to a signal generated by a single population of neurons which propagates via volume conduction to the two electrodes in question (see Nunez et al., 1997) . Furthermore, the fact that patients with FES have consistently been shown to exhibit widespread cortical atrophy and subsequent increases in the volume of intracranial CSF raises the possibility that the increased synchrony exhibited by the FES patients in this study resulted from an increased (compared to controls) conductivity of CSF relative to brain tissue (Latikka, Kuurne, & Eskola, 2001) , rather than the more theoretically relevant synchronization of discrete neural sources. Thus, the possibility that the observed elevations in multi-frequency phase synchrony in the FES patients was, at least in part, an artifact of cortical atrophy cannot be discounted. Future studies using complementary techniques for assessing synchrony are required to address the potential contribution of volume conduction to the present findings. However, we do have reason to believe that the current results are not merely the result of differences in volume conduction between groups. Since volume conduction would diminish with distance between recording sites, the observed differences in long-range synchrony (LTFr and RTFr) and their consistency with shorter-range synchrony (within regions) suggest that volume conduction likely does not account for group differences in the current study.
Prior to 2011, reports of elevated baseline synchrony levels in schizophrenia had been limited to those of our group (e.g., Flynn et al, 2008; Williams et al, 2009 ). However, since the initial submission of this paper, a report by another group was published showing increased resting state gamma band synchrony in drug-naïve patients with schizophrenia (Kikuchi et al., 2011) . And, a recent paper on gamma synchrony in schizophrenia (Gandal, Edgar, Klook, & Seigel, 2012) , focusing on resting and auditory paradigms, concluded that there are widespread increases in baseline cortical gamma synchrony ('noise') coupled with reduced stimulus-evoked synchrony increases ('signal') in schizophrenia. The present study is consistent with this emerging view, and points to the existence of this abnormality as early as the first episode.
While activation deficits have been reported in various samples of patients with schizophrenia, thus far the effect of greater baseline absolute synchrony has only been described in patients during their first episode of psychosis. It will be important to determine if this effect is also found in patients later in the illness and among those with a chronic course. Several lines of evidence suggest that our findings are likely to be generalizable to this population. First, face processing impairments, even for emotionally neutral stimuli, have been observed in chronic schizophrenia patients (Hermann et al., 2004; Turetsky et al, 2007) , and in one study abnormal (relative) synchrony in the beta band was observed during processing of face-like drawings in non-first-episode patients (Uhlhaas et al., 2006) . Also, abnormal gamma synchrony has been found in chronic schizophrenia in addition to first episode patients (Mulert, Kirsch, Pascual-Marqui, McCarley, & Spencer, 2011) , suggesting that our findings might be replicable in a chronic schizophrenia population.
An obvious question raised by our findings is whether the link between elevated baseline synchrony and reduced relative synchrony is specific to face processing. We believe this is unlikely given findings of abnormal gamma synchrony during processing of other types of stimuli in people with stimuli. For example, as noted above, a recent paper focusing on resting and auditory paradigms (Gandal, et al, 2012) concluded that abnormalities in gamma synchrony are widespread in schizophrenia, and are likely due to an elevation in baseline gamma synchrony, resulting in reduced stimulus-evoked synchrony, reflecting, respectively, elevated noise and reduced signal. This is essentially the same situation we hypothesize to be present during face processing in schizophrenia.
Finally, it will be important to determine whether or not increased baseline synchrony is a biomarker of any particular subtype or phenotype of schizophrenia, and/or whether it predicts aspects of long-term functional outcome or treatment response. To date, it has been hypothesized that reduced relative synchrony would be related to the disorganization syndrome (Phillips & Silverstein, 2003) . Moreover, abnormal performance on behavioral indices from tasks known be supported by synchrony, such as those of perceptual organization, have been linked to poor premorbid functioning, poor treatment response, and increased disorganized symptoms (see Keane, 2011 for reviews), with covariation of task performance abnormality and level of disorganization during acute psychiatric treatment (Uhlhaas, Phillips, & Silverstein, 2005) . However, as yet there have been no published studies of which we are aware that clarify the links between increased baseline synchrony and aspects of heterogeneity in schizophrenia. Such studies may provide reliable indices that can be used both to predict treatment response and to understand the processes involved in both psychotic decompensation and recovery.
